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* NOTICES * 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

CLAIMS 
[Claim(s)] 

[Claim 1] The main arc ignition equipment of the plasma cutting machine characterized by 
providing the following An arc starting front stirrup is the gas supply means (2) which established 
the gas change means (3) which changes this quantity of gas flow or gas pressure so that plasma 
gas might be supplied to a plasma torch (1) with a small flow rate and/or low gas pressure and 
plasma gas might be supplied with a large flow rate and/or high gas pressure after ignition of a 
pilot arc (16) or a main arc (13) immediately after. The pilot-current circuit which supplies a pilot 
current (Ip) to a nozzle (1b) from a plasma power supply (8) in case a pilot arc (16) is formed 
between the electrode (1a) of a plasma torch (1), and a nozzle (1b) at arc during starting (21) 
The main current circuit which supplies main current (Im) to a main arc (13) from a plasma power 
supply (8) in case a main arc (13) is formed between the electrode (1a) of a plasma torch (1), 
and a work (1 1) at the time of work cutting (22) The solid state switch which intercepts the 
aforementioned pilot current (Ip) after the aforementioned main current detector (6) detects 
main current (Im) on the line which has the main current detector (6) which was formed in the 
line connected with the work (1 1) of the aforementioned main current circuit (22), and which 
detects main current (Im), and is connected with the nozzle (1b) of the aforementioned pilot- 
current circuit (21) (10) 

[Claim 2] The main arc ignition equipment of the plasma cutting machine according to claim 1 
characterized by inserting resistance (12) in the line connected with the nozzle (1b) of the 
aforementioned pilot-current circuit (21) in series with the aforementioned solid state switch 
(10). 

[Claim 3] An arc starting front stirrup is the main arc ignition equipment of the plasma cutting 
machine according to claim 1 with which the aforementioned plasma gas supplied to a plasma 
torch (1) with a small flow rate and/or low gas pressure immediately after is characterized by 
being nitrogen or gas containing comparatively many nitrogen. 

[Claim 4] In case plasma gas is supplied to a plasma torch (1), in the main arc ignition control 
method of a plasma cutting machine, an arc starting front stirrup in immediately after After it 
supplies plasma gas with a small flow rate and/or low gas pressure and a pilot arc (16) or a main 
arc (13) lights between the electrode (1a) of a plasma torch (1), and a nozzle (1b) While changing 
plasma gas to a large flow rate and/or high gas pressure, when generating of the main arc (13) 
between the aforementioned electrode (1a) and a work (1 1) is detected By the solid state switch 
(10) inserted in the line connected with the aforementioned nozzle (1b) of the pilot-current 
circuit (21) which supplies a pilot current (Ip) to the aforementioned pilot arc (16) in series with 
resistance (12) The main arc ignition control method of the plasma cutting machine 
characterized by intercepting the aforementioned pilot current (Ip) quickly. 

[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] Especially this invention relates to the main arc 
ignition equipment to which cutting which repeats arc starting frequently can aim at extension of 
the life of a plasma electrode and a nozzle, and its main arc ignition control method about the 
main arc ignition equipment of a plasma cutting machine, and the main arc ignition control 
method. 
[0002] 

[Description of the Prior Art] Since the running cost in the case of exchange of that degradation 
of the plasma electrode and a nozzle lowers the quality of a direct workpiece, an electrode, and a 
nozzle increases conventionally in the plasma-arc cutting process of metal plate material (it is 
henceforth called a work), various research and development continued being done about these 
lives. 

[0003] first, in order to make an understanding of this invention easy, dra w ing 4 which expressed 
the general composition and the plasma-arc starting method of a plasma cutting machine for the 
most fundamental cutting machine that uses oxygen as plasma gas, and its control method as 
conventional technology of a plasma cutting machine, and drawin g 5 which is the timing diagram 
of the operating sequence showing the arc starting control method of this plasma cutting 
machine are illuminated 3, and is explained In drawin g 4 (a) and drawin g 5 , if a seizure signal ST 
is inputted into a plasma cutting machine, a constant current power supply 8 will operate, a 
switch (electromagnetic switch) 14 will close, and direct current voltage will be impressed so 
that nozzle 1b and a work 1 1 may be [ electrode 1a in a plasma torch 1 ] added at minus. 
Simultaneously, a stop valve 15 opens and the oxygen gas as a pulley flow is supplied in a plasma 
torch 1 . This pulley flow is established in order to acquire a time margin until a quantity of gas 
flow is stabilized, while replacing the air in the gas pipe way 4 by oxygen completely. If a high 
frequency generator 9 operates and the RF high voltage is impressed between electrode 1a and 
nozzle 1b in drawing 4 (b) after the above-mentioned pulley flow, as spark discharge happens 
between this electrode 1a and this nozzle 1b and it is shown in drawing 4 (c) A pilot arc 16 is 
formed between electrode 1a and nozzle 1b by using this spark discharge as a seed. A pilot 
current Ip flows the circuit which returns to a constant current power supply 8 via electrode 1a 
from nozzle 1b and a pilot arc 16 through a constant current power supply 8 to resistance 12 
and a switch 14. It is in the state where a constant current power supply 8 takes out the 
maximum output simply at this time, that is, the drooping characteristic is given by resistance 1 2, 
and since it is functioning as a source of a constant voltage mostly, the aforementioned pilot 
current Ip is stabilized after a power requirement and arc voltage have balanced. 
[0004] And if an electric flow is secured between electrode 1a and nozzle 1b by considering this 
pilot arc 16 as guidance as shown in drawing 4 (d), a part of aforementioned pilot current Ip will 
turn into main current Im, it will flow to a work 1 1, and will form the main arc 13. As the current 
detector which does not illustrate this detects and it is shown in drawing 4 (e), by separating the 
switch 14 which leads to nozzle 1b, it becomes the circuit of only the main arc 13 and only main 
current Im flows. And cutting current value set up beforehand (main current Im) Comparing the 
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output value and this set point of a current detector which are not illustrated so that it may 
maintain, constant current control is performed and cutting processing of a work 1 1 is carried 
out. Then, at the time of a cutting end, a stop signal SP is supplied to a power supply, the output 
of a power supply stops, supply of the power to the main arc 13 stops, and the main arc 13 
disappears. 

[0005] A main arc detection means detecting a main arc, and this detecting signal opening the 
aforementioned switch (electromagnetic switch), intercepting a pilot arc, and lighting a main arc, 
after it puts resistance and a switch (electromagnetic switch) into a pilot circuit in series as 
conventional technology and a pilot arc occurs like the above is the technology currently very 
generally performed in the plasma-cutting machine. 

[0006] As a technical technical problem in a plasma cutting machine, first, the reinforcement of 
an article of consumption occurs and, for the reason, much invention and the design have so far 
been made. There is JP,5-104251,A as the 1st advanced technology. It is reported to this official 
report as how to pass the plasma gas supplied to a plasma torch by the technology which 
changes plasma gas to the high gas pressure from low gas pressure, or a large flow rate from a 
small flow rate just behind arc ignition that there was the reduction effect of an electrode wear. 
[0007] Moreover, arc during starting and an arc starting front stirrup supply a non-oxidizing 
quality gas to a plasma torch as plasma gas immediately after, the technology which changes 
plasma gas to an oxidizing quality gas is indicated by JP.3-258464.A shown as the 2nd advanced 
technology, with the change technology of these types of gas, an electrode wear can be reduced 
and after arc ignition supposes at it that an electrode life will be extensible. 
[0008] And in order to improve the translatability from a pilot arc to a main arc, the technology 
which adopted not an electromagnetic switch but the transistor is indicated by JP,6-15457,A 
shown as the 3rd advanced technology as the aforementioned switch at the time of the ignition 
detecting signal of a main arc opening a switch, and intercepting a pilot arc. About secondary 
chopper control of a pilot current, this technology is not considering a transistor as a simple 
switch, and is operated as a chopper control element. And during pilot-arc generating, since the 
circuit of a main arc carries out a full output and can take the voltage large enough between an 
electrode required for shift, and a base material, or between a nozzle and a base material, it 
prevents the shift mistake to a main arc, and shift delay, and supposes that a suitable power unit 
can be offered. 
[0009] 

[Problem(s) to be Solved by the Invention] The technology only about the life extension of an 
electrode existed so that JP,5-104251,A shown as the 1st advanced technology of the above, 
JP,3-258464,A shown as 2nd advanced technology might see conventionally. However, if it is 
made a small flow rate or low voltage gas about the plasma-gas change of these conventional 
technology at during starting, it has turned out that the fault to which the translatability from a 
pilot arc to a main arc becomes bad, and the damage of a nozzle becomes large rather occurs 
recently. Moreover, by the gas containing many nitrogen or nitrogen, the translatability to a main 
arc became worse than oxygen, and a damage understands it also as a bird clapper greatly for a 
nozzle. That is, although a gas change contributes to improvement in an electrode life greatly, 
about a nozzle life, an improvement was not found or even the opposite effect understands a 
bird clapper for it. Therefore, even if the electrode life became long, the nozzle reached the life 
before it and the exchange interval of these articles of consumption did not become so long that 
it expects, even if it compares, it adopts this technology and an electrode life is improved (the 
number of times of arc ignition — carrying out — about 200 times to about 600 times), about 
the life of a nozzle, it is made the number of times of arc ignition, and is about at most 1 50 - 200 
times, and the actual condition is not improved 

[0010] It can divide roughly into following two as a factor of the damage of a nozzle. That is, by 
the time a nozzle shifts to a main arc so to speak from the case by the external factor which 
receives a damage, and a pilot arc because the molten metal (spatter) where it blows up toward 
a nozzle at the time of a piercing process (perforation process) adheres to a nozzle, current will 
flow into a nozzle by the pilot arc, and it is divided into the damage by melting of the outlet 
portion of a nozzle being carried out. As a remedy of the factor which has a bad influence on the 
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life of these nozzles, conventionally, about the former external damage, there is the method of 
protecting a nozzle from a spatter by preparing a shield cap in the outside of a nozzle, and it is 
adopted by most present plasma torches. However, about the damage by the pilot arc of the 
aforementioned latter, the indication with the method clear with the conventional technology of 
mitigating it is not yet found. In short, the electrode life and the nozzle life were made to extend 
simultaneously, and the technology of bringing about practically sufficient effect did not exist 
conventionally. 

[001 1] Usually, the damage is gradually expanded by melting of near the outlet of a nozzle being 
carried out by an electrode until it shifts to a main arc from a pilot arc, and the frequent pilot arc 
between nozzles, the sharpness of an arc becomes bad, and the life of a nozzle is judged in the 
stage in which the cutting process tolerance was less than predetermined default value to be a 
life, unless the electrode has resulted in the life. 

[0012] On the other hand, a nozzle life is influenced by this electrode life although it is known 
that the temperature on arc during starting and the front face of an electrode will exhaust an 
electrode momentarily in the form where go up to the elevated temperature of about 3000 
degreeC, and this electrode front face exfoliates by the thermal shock at this time. For example, 
when it results in a life with an electrode, damage destruction is rapidly carried out by the 
above-mentioned reason, at this time, the arc between an electrode and a work will stop in the 
nozzle under cutting process, a work will be replaced with this, a nozzle and an inter-electrode 
arc will generate it, and it will melt near the outlet of a nozzle in an instant as an arc melts a 
work (by the same principle). Thus, when the so-called damage on a path gap-nozzle occurs by 
this, and it has sharpness still sufficient as a nozzle just before it, when the damage on 
momentary of an electrode occurs, and having not resulted in the life, the actual condition will be 
in the state in which continuation use is impossible in an instant. Since it stated above, however 
it may take the prolongation-of-life measure of only a nozzle life conventionally, it concentrates 
on development of the life-extension technology of only an electrode, and it can say from the 
actual condition that a nozzle life is decided by the electrode life that an idea that it takes into 
consideration in the viewpoint to which nozzle life-extension technology and electrode life- 
extension technology were related had not attained to. 

[0013] Moreover, the point that of course the numerousness of the exchange frequency by the 
life has had great influence also on the machine operating ratio fall (productivity fall) about the 
electrode and the nozzle at the cost [ exhausting ] accompanying exchange of an electrode and 
a nozzle is also a problem. Although it was the ideal which it is made to extend as long as the life 
of an electrode and a nozzle is made, respectively, and is simultaneously done for the set 
exchange of these (it considers as the same life) in order to solve this problem, an electrode life 
and each nozzle life of reality were irregular, and since a nozzle life was influenced as mentioned 
above by the sudden injury on an electrode, a margin must be seen and the actual condition 
could not but set up the lower number of times of a life. 

[0014] Moreover, adoption of the transistor to arc ignition technology given in JP,6-15457,A is 
not what meant extension of a nozzle life as mentioned above. And it is used only as a switch as 
a chopper element which adjusts a pilot current, and the constant-current-control circuit for 
controlling the aforementioned transistor is needed apart from the constant-current-control 
circuit of a main arc current, and the transistor inserted in the pilot line becomes complicated 
[ the power supply ], and serves as cost quantity. 

[0015] this invention is made paying attention to the above-mentioned trouble, and aims at 
offering the main arc ignition equipment and the main arc ignition control method both the lives 
and nozzle lives of a plasma electrode are extensible in a plasma cutting machine. 
[0016] 

[Means for Solving the Problem and its Function and Effect] on the occasion of this invention, 
artificers did research and development to the conventional gas change technology which mainly 
aimed at the improvement in an electrode life about the ignition control technology of the 
optimal PILOT circuit in which the nozzle life was also put into the visual field, and got the 
following conclusions 

(1) The damage of a nozzle is caused by the current which flows into a nozzle at the time of 
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pilot-arc generating, the size of the current which gives the damage becomes so large that 
plasma gas becomes low voltage and a small flow rate, and that shortens the nozzle life in the 
gas change system contributed to the improvement in an electrode life. 

(2) Moreover, the inrush current to a nozzle is in the inclination which the inflow current value 
increases, so that the type of gas of the plasma gas at the time of a pilot arc contains many 
nitrogen. 

(3) And about the resistance inserted in a pilot line in series, when the pilot-arc current value of 
rating is about 20A and the resistance is less than 2ohms, the inrush current to a nozzle tends 
to increase extremely. Therefore, in this case, the resistance of a pilot circuit has desirable 
2ohms or more. 

(4) In order to improve a nozzle life, once it not only lowers the size of the inrush current to a 
nozzle, but detects main current using the level of detection of low main current as much as 
possible, since intercepting a pilot circuit immediately can lessen the injury on a nozzle, it is 
desirable. Therefore, although the level of main current detection should be set up low and the 
pilot arc should be immediately intercepted after detection, since about 50 msecs will be 
overdue if the timing of interception uses mechanical open/close switches, such as the 
conventional electromagnetic switch, it is desirable to use solid state switches (a transistor, a 
thyristor, IGBT, etc.). Moreover, a solid state switch is purely used as a switch in this case, and 
chopper control like the technology indicated by JP,6-15457,A mentioned above is not 
performed. Since the technical problem about the life extension of the above-mentioned article 
of consumption was solvable by incorporating the above-mentioned conclusion obtained by 
research and development like the above, the achievement means and effect are explained 
below. 

[0017] In order to attain the purpose of the above-mentioned invention in this application, the 
1st invention In the main arc ignition equipment of a plasma cutting machine an arc starting front 
stirrup immediately after Plasma gas is supplied to a plasma torch with a small flow rate and/or 
low gas pressure, after ignition of a pilot arc or a main arc The gas supply means which 
established the gas change means which changes this quantity of gas flow or gas pressure so 
that plasma gas might be supplied with a large flow rate and/or high gas pressure, The pilot- 
current circuit which supplies a pilot current to a nozzle from a plasma power supply in case a 
pilot arc is formed between the electrode of a plasma torch, and a nozzle at arc during starting, 
The main current circuit which supplies main current to a main arc from a plasma power supply 
in case a main arc is formed between the electrode of a plasma torch, and a work at the time of 
work cutting, It has the main current detector which was formed in the line connected with the 
work of the aforementioned main current circuit and which detects main current. After the 
aforementioned main current detector detects main current on the line connected with the 
nozzle of the aforementioned pilot-current circuit, it is considering as the composition equipped 
with the solid state switch which intercepts the aforementioned pilot current. 
[0018] In the 1st invention, first, in case a pilot arc is formed between an electrode and a nozzle, 
since the arc starting front stirrup made the plasma gas passed between an electrode and a 
nozzle a small flow rate and/or low gas pressure immediately after, by the gas change means, 
the force which blows a pilot arc on a work side becomes small, consequently the pilot current Ip 
included in a nozzle becomes easy to flow, and it becomes possible also for a small current to 
form [ of an arc ] this pilot current Ip. Moreover, on the other hand, although exhausting an 
electrode momentarily in an arc generate time and the form where this electrode front face 
exfoliates by the thermal shock at this time is known, since a pilot current Ip can be managed 
with a small current, the damage of the electrode by the aforementioned thermal shock can be 
sharply reduced at the time of arc ignition. 

[0019] According to the 1st invention, since a large flow rate and/or the plasma gas of high gas 
pressure are supplied between an electrode and a nozzle after ignition of a pilot arc or a main 
arc, the force which blows a pilot arc on a work side becomes large, and a pilot current Ip stops 
[ next ] easily being able to flow due to the aforementioned gas change means between an 
electrode and a nozzle. And since the current of a plasma power supply is shunted toward a pilot 
current Ip and main current Im, if a pilot current Ip decreases, main current Im will increase on 
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the contrary. Consequently, the shift to the main arc between an electrode and a work from a 
pilot arc is performed very promptly. Moreover, exhaustion of the electrode by the 
aforementioned thermal shock by arc ignition decreases for low-gas-pressure atmosphere, as 
mentioned above, by preparing a gas change means in a gas supply means, and an arc starting 
front stirrup's supplying plasma gas with a small flow rate and/or low gas pressure immediately 
after, and changing to a large flow rate and/or high gas pressure after ignition of a pilot arc or a 
main arc, to about about 600 times, the life of an electrode was boiled markedly and has 
improved by the number of times of arc ignition 

[0020] Moreover, in the 1st invention, the effect of extension of a fast nozzle life which is stated 
below by composition which adopted the transistor in order to intercept a pilot current in 
addition to the effect of extension of the electrode life mentioned above was also able to be 
acquired. Although the state where a part of arc is still connected between an electrode and a 
nozzle, and the pilot current Ip is flowing to the nozzle after shifting to the main arc between an 
electrode and a work is continuing from the pilot arc, for this reason, the outlet portion of a 
nozzle lips edge is in the situation in which melting is always carried out by the aforementioned 
arc. Therefore, as for the facts and artificers who are a reason with it better [ to shorten time to 
which the pilot current Ip is flowing between the electrode and the nozzle as much as possible, 
after shifting to this main arc, in order to prolong a nozzle life ], the damage of the nozzle by the 
pilot arc has acquired the fact which is proportional at the size and time of the current included 
in a nozzle by the experimental result. Then, in order to intercept the pilot current Ip to a nozzle 
after main arcing Since it changed to the conventional electromagnetic switch and the transistor 
was adopted as the line connected with the nozzle of a pilot-current circuit the electromagnetic 
switch of the former [ interrupting time / of a pilot current Ip ] — comparing — markedly — 
alike — quick (as opposed to about 50 msec(s) of an electromagnetic switch) With the transistor, 
since the time when melting of the outlet portion of a nozzle lips edge is always carried out by 
the aforementioned arc in about 5 msec(s) decreased sharply, the life of a nozzle has improved 
by leaps and bounds compared with the former about 3 times (from about 1 50 - 200 
conventional times to about 600 times [ Being the number of times of arc ignition. ]). 
[0021] An electrode life — the sudden injury on the electrode by the thermal shock will be 
conventionally damaged in [ a nozzle ] path gap — and each nozzle life are irregular. Although it 
was the ideal which cannot but see a margin and the actual condition cannot but set up the 
lower number of times of a life, it is made to extend as long as an electrode life and a nozzle life 
are made, respectively, and is simultaneously done for the set exchange of these (it considers as 
the same life) The value of each life was enabled to be both able to improve the life of an 
electrode and a nozzle sharply, and to suppose that it is almost the same (being the number of 
times of arc ignition about about 600 times) by **** 1 invention as mentioned above. Therefore, 
the exchange frequency by the life could be sharply decreased by life improvement of this 
electrode and a nozzle, and the great effect was acquired not to mention the improvement of the 
article-of-consumption cost accompanying exchange by the improvement in a machine operating 
ratio (improvement in productivity), in addition, the technology which enabled extension of the 
above electrode life and nozzle life simultaneously results in this invention on originality and 
creativity paying attention to the viewpoint overlooked conventionally [ whether it was what 
cannot aim at extension of a nozzle life ] at the same time not combination but the nozzle life of 
the mere conventional technology have correlation in an electrode life and prolongs an electrode 
life 

[0022] Next, the 2nd invention is taken as the composition which inserted resistance at the 
aforementioned solid state switch and the serial in the 1st invention at the line connected with 
the nozzle of the aforementioned pilot-current circuit. 

[0023] Although the damage of the nozzle by the pilot arc has acquired the fact which is 
proportional at the size and time of the current included in a nozzle from the experimental result 
and the damage of a nozzle is caused by the current included in a nozzle as this invention 
persons mentioned above By having inserted resistance in the line connected with the nozzle of 
a pilot-current circuit according to **** 2 invention While a pilot current falls and making the 
injury on a nozzle mitigate, when main current increases contrary to this with the fall of a pilot 
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current with the property of a plasma constant current power supply Generating of a main arc 
and the shift to a main arc can be performed stably and quickly. 

[0024] It is characterized by the aforementioned plasma gas from which the 3rd invention 
supplies an arc starting front stirrup to a plasma torch with a small flow rate and/or low gas 
pressure immediately after in the 1 st invention being nitrogen or gas containing comparatively 
many nitrogen. 

[0025] Usually, in plasma cutting, HAFUNYUUMU of the electrode material currently embedded 
immediately after lighting a pilot arc focusing on the electrode is intense, and exhaustion 
advances. In **** 3 invention, since nitrogen or the gas containing comparatively many nitrogen 
was used as plasma gas supplied around an electrode, the nitride of HAFUNYUUMU will be 
formed in the point of an electrode, and since this HAFUNYUUMU nitride has the high melting 
point, it can lessen exhaustion of an electrode. Therefore, an electrode wear is suppressed to 
arc during starting, and an electrode life can be extended. 

[0026] In case the 4th invention supplies plasma gas to a plasma torch in the main arc ignition 
control method of a plasma cutting machine, an arc starting front stirrup moreover, in 
immediately after After it supplies plasma gas with a small flow rate and/or low gas pressure and 
a pilot arc or a main arc lights between the electrode of a plasma torch, and a nozzle While 
changing plasma gas to a large flow rate and/or high gas pressure, when generating of the main 
arc between the aforementioned electrode and a work is detected It is considering as the 
method of intercepting the aforementioned pilot current quickly by the solid state switch 
inserted in resistance and the serial at the line connected with the aforementioned nozzle of the 
pilot-current circuit which supplies a pilot current to the aforementioned pilot arc. 
[0027] according to the 4th invention, since extension of a life with large electrode and nozzle 
can be aimed at in a plasma cutting machine like the 1st invention by this main arc ignition 
control method, the exchange frequency of an electrode and a nozzle is boiled markedly, and can 
be reduced, and the great effect of the improvement in a machine operating ratio (improvement 
in productivity) is acquired not to mention reduction of the article-of-consumption cost 
accompanying exchange of an electrode and a nozzle 
[0028] 

[Embodiments of the Invention] Below, the operation gestalt of this invention is explained in 
detail with reference to drawing 1 , drawing 2 , and drawin g 3 . It is drawing which drawing 1 is 
the outline circuit diagram of the main arc ignition equipment concerning this invention, and 
expressed the pilot arc which drawing 2 requires for this invention here. Moreover, drawing 3 is 
the timing diagram of the plasma-gas flow concerning this invention. In addition, the same sign is 
attached to the same composition as the component in drawin g 4 , and the following explanation 
is omitted. 

[0029] In drawin g 1 , the main arc ignition equipment of a plasma cutting machine is equipped 
with the constant current power supply 8 as a plasma power supply for supplying power to a 
torch 1. The minus output of a constant current power supply 8 is connected to electrode 1a of 
a torch 1 via the power supply line 20, and the plus output of a constant current power supply 8 
branches on the two-line line of the pilot-current circuit 21 which supplies a pilot current Ip, and 
the main current circuit 22 which supplies main current Im, and is connected to nozzle 1b and 
the work 1 1 , respectively. 

[0030] The resistance 12 for making the aforementioned pilot-current circuit 21 shift to the main 
arc 13 formed between electrode 1a and a work 1 1 smoothly from the pilot arc 16 (to refer to 
drawing 2 ) formed between electrode 1a and nozzle 1b, It connects in series and the pilot- 
current detector 5 which detects the pilot current Ip which flows between the transistor 10 for 
switching which is the feature of this invention, and electrode 1a and nozzle 1b is formed. The 
control-command signal from the controller which is not illustrated is connected to the base of a 
transistor 10. Here, in the experiment which artificers conducted, since it was in the inclination 
which the inrush current to a nozzle increases extremely as the resistance of the above- 
mentioned resistance 12 is less than 2ohms when it was the cutting machine of the specification 
whose rated pilot-arc current is about 20A, the resistance was understood that 2ohms or more 
are desirable. In addition, according to the experimental result, 4-8ohm of resistance are 
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desirable. Moreover, what operates at high speed like IGBT as a switching element is used for a 
transistor 10. In addition, you may add the circuit for surge absorption (not shown) which 
consists of diodes for absorbing the surge at the time of switching etc. to the pilot-current 
circuit 21 if needed. 

[0031] Moreover, since the main arc 13 shown in drawin g 1 by guidance of the pilot arc 16 shown 
in drawing^ is formed, the main current detector 6 for detecting that main current Im flowed 
between electrode 1a and the work 11 is inserted in the aforementioned main current circuit 22. 
If the current transformer which used shunt resistance and the hall device is used for this main 
current detector 6, for example, an about 3A small current flows to the main current circuit 22, 
the transistor 10 of the pilot-current circuit 21 will be turned off immediately, and it will consider 
as the composition which makes the pilot current Ip which is flowing between electrode 1a and 
nozzle 1b intercept in an instant. 

[0032] In order to improve a nozzle life, once it not only lowers the value of the inrush current to 
nozzle 1b, but it sets up the disregard level of the lowest possible main current Im and this 
setting disregard level detects main current Im, since intercepting the pilot-current circuit 21 
immediately can lessen damage on a nozzle, it is desirable. Therefore, after detection, the level 
of main current detection is set up as low as possible, and the pilot arc should be intercepted 
immediately, and by this invention, in order to accelerate the timing of this interception, 
electronic-formula switches (solid state switch), such as a transistor and IGBT, are used, by this, 
the timing of interception checked that that in which about 50 msecs were behind according to 
the opening and closing of the conventional mechanical contact improved to about 5 msecs, and 
it checked that also boiled the life of nozzle 1b markedly and it was protracted with the life of 
electrode 1a in connection with this 

[0033] In the main arc ignition equipment of this invention, moreover, for the improvement in a 
life of electrode 1a as a gas supply means 2 to supply plasma gas to a torch 1 Gas stop valve 3a 
for a start which performs supply or interception of the gas for a start as shown in drawin g 1 , 
The gas pipe way 4 which connects to a torch 1 gas change meanses 3 by which gas stop valve 
3b for cutting which performs supply or interception of the gas for cutting was provided, and 
such gas stop valve 3a for a start and gas stop valve 3b for cutting is formed. 
[0034] First, arc starting opens only gas stop valve 3a for a start from a pulley flow, and supplies 
the change to gas stop valve 3a for these starts, and gas stop valve 3b for cutting to the gas 
supply way which formed the gas for a start between electrode 1a in a torch 1, and nozzle 1b 
through the gas pipe way 4. About the gas for the start at this time (pulley flow), as shown in 
drawin g 3 , as compared with the gas at the time of cutting, it is low gas pressure and/or a low 
flow rate, and is considering as the gas containing many pure nitrogen or nitrogen. Next, if a pilot 
arc 16 occurs between electrode 1a and nozzle 1b, the pilot-current detector 5 will detect the 
pilot current Ip which flows between electrode 1a and nozzle 1b through this pilot arc 16, this 
detecting signal will open gas stop valve 3b for cutting, and the gas for cutting will be supplied to 
a plasma torch 1 . This gas for cutting is high gas pressure and/or a large flow rate as compared 
with the aforementioned gas for a start (pulley flow), as shown in drawin g 3 , and it is gas 
containing many pure oxygen or oxygen. In addition, while opening gas stop valve 3b for cutting, 
gas stop valve 3a for a start could be closed, and as long as it was putting in the check valve in 
series with gas stop valve 3a for a start, it may open. 

[0035] According to this operation form, the following operations and an effect are acquired. 
(1) By composition of this invention, since the plasma gas passed in the meantime was made into 
a small flow rate and/or low gas pressure when forming a pilot arc between an electrode and a 
nozzle, the force which blows a pilot arc on a work side becomes small, consequently the pilot 
current Ip which flows for a nozzle becomes easy to flow, and it becomes possible also for a 
small current to form [ of a pilot arc ] this pilot current Ip. And since the pilot current Ip which 
flows between an electrode and a nozzle to a pilot-arc generate time can be managed with a 
small current, the damage of the electrode by the aforementioned thermal shock can be sharply 
reduced at the time of arc ignition. 

[0036] Next, according to this invention, in the main arc ignition equipment of a plasma cutting 
machine, since a large flow rate and/or the plasma gas of high gas pressure are passed between 
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an electrode and a nozzle at the time of cutting, the force which blows a pilot arc on a work side 
becomes large, and a pilot current Ip stops easily being able to flow due to the composition 
which prepared the gas change means in the gas supply means between an electrode and a 
nozzle. And since the current of a constant current power supply is shunted toward a pilot 
current Ip and main current Im. if a pilot current Ip decreases as mentioned above, main current 
Im will increase relatively. Consequently, generating of the main arc between an electrode and a 
work and the shift to a main arc from a pilot arc are performed very promptly. Thus, by preparing 
a gas change means in a gas supply means, and an arc starting front stirrup's supplying gas to 
immediately after with a small flow rate and/or low gas pressure, and changing a pilot-arc 
ignition rear stirrup to a large flow rate and/or high gas pressure after main arc ignition, the life 
of an electrode is the number of times of arc ignition, and it was secured about about 600 times. 
[0037] (2) Moreover, in this invention, in order to intercept a pilot current Ip, solid state 
switches, such as a transistor, were adopted, an electromagnetic switch [ like before by this ] 
whose interrupting time of a pilot current Ip is — comparing — markedly — alike — quick (as 
opposed to about 50 msec(s) of an electromagnetic switch) Since the time when melting of the 
outlet portion of a nozzle lips edge is always carried out by the aforementioned plasma arc in 
about 5 msec(s) decreases sharply with a transistor, the life of a nozzle Compared with the 
former, it has been improved by leaps and bounds with about 3 times (from about 1 50 - 200 
times conventional by the number of times of arc ignition to about 600 times). 
[0038] (3) Moreover, resistance is inserted in the pilot-current circuit connected to a nozzle, by 
setting this resistance to 2ohms or more, the pilot current Ip to a nozzle falls and damage on a 
nozzle can be mitigated. Moreover, when main current Im increases with the fall of a pilot current 
Ip with this by the above-mentioned reason, it can be stabilized, generating of a main arc and the 
shift to a main arc can be performed quickly, and a nozzle life and an electrode life can be 
prolonged sharply. Furthermore, since the potential difference between a nozzle and a work 
becomes large by having enlarged the above-mentioned resistance, the shift to a main arc can 
be performed easily. 

[0039] (4) In plasma cutting, although consumption will advance violently, since the gas which 
contains many nitrogen or nitrogen as plasma gas of the electrode circumference was used for 
HAFUNYUUMU of the electrode material currently embedded immediately after lighting a pilot 
arc at an electrode focusing on the electrode by this invention, the nitride of HAFUNYUUMU will 
be formed in the point of an electrode, and since this HAFUNYUUMU nitride has the high melting 
point, it can lessen an electrode wear. Therefore, the electrode wear was suppressed to arc 
during starting, and the effect which prolongs an electrode life was acquired. In addition, the 
increase in the nozzle damage by the fall of the main arc translatability by using nitrogen for arc 
during starting is eliminated by having used the solid state switch. 

[0040] (5) The length of each life was enabled to be both able to improve the life of an electrode 
and a nozzle sharply, and to suppose that it is almost the same (being the number of times of 
arc ignition about about 600 times) by composition of the above this inventions. Therefore, by 
life improvement of this electrode and a nozzle, the electrode in a long interval and set exchange 
of a nozzle are enabled, the exchange frequency can be decreased sharply, and a great effect is 
acquired by the improvement in a machine operating ratio (rise of productivity) not to mention 
the improvement of the article-of-consumption cost accompanying exchange of an electrode 
and a nozzle. 

[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

TECHNICAL FIELD 

[The technical field to which invention belongs] Especially this invention relates to the main arc 
ignition equipment to which cutting which repeats arc starting frequently can aim at extension of 
the life of a plasma electrode and a nozzle, and its main arc ignition control method about the 
main arc ignition equipment of a plasma cutting machine, and the main arc ignition control 
method. 

[Translation done.] 
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Japan Patent Office is not responsible for any 
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1 This document has been translated by computer. So the translation may not reflect the original 
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3.1n the drawings, any words are not translated. 



PRIOR ART 

[Description of the Prior Art] Since the running cost in the case of exchange of that degradation 
of the plasma electrode and a nozzle lowers the quality of a direct workpiece, an electrode, and a 
nozzle increases conventionally in the plasma-arc cutting process of metal plate material (it is 
henceforth called a work), various research and development continued being done about these 
lives. 

[0003] first, in order to make an understanding of this invention easy, drawin g 4 which expressed 
the general composition and the plasma-arc starting method of a plasma cutting machine for the 
most fundamental cutting machine that uses oxygen as plasma gas, and its control method as 
conventional technology of a plasma cutting machine, and drawin g 5 which is the timing diagram 
of the operating sequence showing the arc starting control method of this plasma cutting 
machine are illuminated 3, and is explained In drawing 4 (a) and drawin g 5 , if a seizure signal ST 
is inputted into a plasma cutting machine, a constant current power supply 8 will operate, a 
switch (electromagnetic switch) 14 will close, and direct current voltage will be impressed so 
that nozzle 1b and a work 1 1 may be [ electrode 1a in a plasma torch 1 ] added at minus. 
Simultaneously, a stop valve 1 5 opens and the oxygen gas as a pulley flow is supplied in a plasma 
torch 1. This pulley flow is established in order to acquire a time margin until a quantity of gas 
flow is stabilized, while replacing the air in the gas pipe way 4 by oxygen completely. If a high 
frequency generator 9 operates and the RF high voltage is impressed between electrode 1a and 
nozzle 1b in drawing 4 (b) after the above-mentioned pulley flow, as spark discharge happens 
between this electrode 1a and this nozzle 1b and it is shown in drawing 4 (c) A pilot arc 16 is 
formed between electrode 1a and nozzle 1b by using this spark discharge as a seed. A pilot 
current Ip flows the circuit which returns to a constant current power supply 8 via electrode 1a 
from nozzle 1b and a pilot arc 16 through a constant current power supply 8 to resistance 12 
and a switch 14. It is in the state where a constant current power supply 8 takes out the 
maximum output simply at this time, that is, the drooping characteristic is given by resistance 12, 
and since it is functioning as a source of a constant voltage mostly, the aforementioned pilot 
current Ip is stabilized after a power requirement and arc voltage have balanced. 
[0004] And if an electric flow is secured between electrode 1a and nozzle 1b by considering this 
pilot arc 16 as guidance as shown in drawin g 4 (d), a part of aforementioned pilot current Ip will 
turn into main current Im, it will flow to a work 1 1, and will form the main arc 13. As the current 
detector which does not illustrate this detects and it is shown in dra win g 4 (e), by separating the 
switch 14 which leads to nozzle 1b, it becomes the circuit of only the main arc 13 and only main 
current Im flows. And cutting current value set up beforehand (main current Im) Comparing the 
output value and this set point of a current detector which are not illustrated so that it may 
maintain, constant current control is performed and cutting processing of a work 1 1 is carried 
out. Then, at the time of a cutting end, a stop signal SP is supplied to a power supply, the output 
of a power supply stops, supply of the power to the main arc 13 stops, and the main arc 13 
disappears. 

[0005] A main arc detection means detecting a main arc, and this detecting signal opening the 
aforementioned switch (electromagnetic switch), intercepting a pilot arc, and lighting a main arc, 
after it puts resistance and a switch (electromagnetic switch) into a pilot circuit in series as 
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conventional technology and a pilot arc occurs like the above is the technology currently very 
generally performed in the plasma-cutting machine. 

[0006] As a technical technical problem in a plasma cutting machine, first the reinforcement of 
an article of consumption occurs and, for the reason, much invention and the design have so far 
been made. There is JP.5-1 04251 ,A as the 1st advanced technology. It is reported to this official 
report as how to pass the plasma gas supplied to a plasma torch by the technology which 
changes plasma gas to the high gas pressure from low gas pressure, or a large flow rate from a 
small flow rate just behind arc ignition that there was the reduction effect of an electrode wear. 
[0007] Moreover, arc during starting and an arc starting front stirrup supply a non-oxidizing 
quality gas to a plasma torch as plasma gas immediately after, the technology which changes 
plasma gas to an oxidizing quality gas is indicated by JP,3-258464,A shown as the 2nd advanced 
technology, with the change technology of these types of gas, an electrode wear can be reduced 
and after arc ignition supposes at it that an electrode life will be extensible. 
[0008] And in order to improve the translatability from a pilot arc to a main arc, the technology 
which adopted not an electromagnetic switch but the transistor is indicated by JP,6-15457,A 
shown as the 3rd advanced technology as the aforementioned switch at the time of the ignition 
detecting signal of a main arc opening a switch, and intercepting a pilot arc. About secondary 
chopper control of a pilot current, this technology is not considering a transistor as a simple 
switch, and is operated as a chopper control element. And during pilot-arc generating, since the 
circuit of a main arc carries out a full output and can take the voltage large enough between an 
electrode required for shift, and a base material, or between a nozzle and a base material, it 
prevents the shift mistake to a main arc, and shift delay, and supposes that a suitable power unit 
can be offered. 



[Translation done.] 
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EFFECT OF THE INVENTION 

[Means for Solving the Problem and its Function and Effect] on the occasion of this invention, 
artificers did research and development to the conventional gas change technology which mainly 
aimed at the improvement in an electrode life about the ignition control technology of the 
optimal PILOT circuit in which the nozzle life was also put into the visual field, and got the 
following conclusions 

(1) The damage of a nozzle is caused by the current which flows into a nozzle at the time of 
pilot-arc generating, the size of the current which gives the damage becomes so large that 
plasma gas becomes low voltage and a small flow rate, and that shortens the nozzle life in the 
gas change system contributed to the improvement in an electrode life. 

(2) Moreover, the inrush current to a nozzle is in the inclination which the inflow current value 
increases, so that the type of gas of the plasma gas at the time of a pilot arc contains many 
nitrogen. 

(3) And about the resistance inserted in a pilot line in series, when the pilot-arc current value of 
rating is about 20A and the resistance is less than 2ohms, the inrush current to a nozzle tends 
to increase extremely. Therefore, in this case, the resistance of a pilot circuit has desirable 
2ohms or more. 

(4) In order to improve a nozzle life, once it not only lowers the size of the inrush current to a 
nozzle, but detects main current using the level of detection of low main current as much as 
possible, since intercepting a pilot circuit immediately can lessen the injury on a nozzle, it is 
desirable. Therefore, although the level of main current detection should be set up low and the 
pilot arc should be immediately intercepted after detection, since about 50 msecs will be 
overdue if the timing of interception uses mechanical open/close switches, such as the 
conventional electromagnetic switch, it is desirable to use solid state switches (a transistor, a 
thyristor, IGBT, etc.). Moreover, a solid state switch is purely used as a switch in this case, and 
chopper control like the technology indicated by JP.6-15457.A mentioned above is not 
performed. Since the technical problem about the life extension of the above-mentioned article 
of consumption was solvable by incorporating the above-mentioned conclusion obtained by 
research and development like the above, the achievement means and effect are explained 
below. 

[0017] In order to attain the purpose of the above-mentioned invention in this application, the 
1st invention In the main arc ignition equipment of a plasma cutting machine an arc starting front 
stirrup immediately after Plasma gas is supplied to a plasma torch with a small flow rate and/or 
low gas pressure, after ignition of a pilot arc or a main arc The gas supply means which 
established the gas change means which changes this quantity of gas flow or gas pressure so 
that plasma gas might be supplied with a large flow rate and/or high gas pressure, The pilot- 
current circuit which supplies a pilot current to a nozzle from a plasma power supply in case a 
pilot arc is formed between the electrode of a plasma torch, and a nozzle at arc during starting, 
The main current circuit which supplies main current to a main arc from a plasma power supply 
in case a main arc is formed between the electrode of a plasma torch, and a work at the time of 
work cutting, It has the main current detector which was formed in the line connected with the 
work of the aforementioned main current circuit and which detects main current. After the 
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aforementioned main current detector detects main current on the line connected with the 
nozzle of the aforementioned pilot-current circuit, it is considering as the composition equipped 
with the solid state switch which intercepts the aforementioned pilot current. 
[0018] In the 1st invention, first, in case a pilot arc is formed between an electrode and a nozzle, 
since the arc starting front stirrup made the plasma gas passed between an electrode and a 
nozzle a small flow rate and/or low gas pressure immediately after, by the gas change means, 
the force which blows a pilot arc on a work side becomes small, consequently the pilot current Ip 
included in a nozzle becomes easy to flow, and it becomes possible also for a small current to 
form [ of an arc ] this pilot current Ip. Moreover, on the other hand, although exhausting an 
electrode momentarily in an arc generate time and the form where this electrode front face 
exfoliates by the thermal shock at this time is known, since a pilot current Ip can be managed 
with a small current, the damage of the electrode by the aforementioned thermal shock can be 
sharply reduced at the time of arc ignition. 

[0019] According to the 1st invention, since a large flow rate and/or the plasma gas of high gas 
pressure are supplied between an electrode and a nozzle after ignition of a pilot arc or a main 
arc, the force which blows a pilot arc on a work side becomes large, and a pilot current Ip stops 
[ next ] easily being able to flow due to the aforementioned gas change means between an 
electrode and a nozzle. And since the current of a plasma power supply is shunted toward a pilot 
current Ip and main current Im, if a pilot current Ip decreases, main current Im will increase on 
the contrary. Consequently, the shift to the main arc between an electrode and a work from a 
pilot arc is performed very promptly. Moreover, consumption of the electrode by the 
aforementioned thermal shock by arc ignition decreases for low-gas-pressure atmosphere, as 
mentioned above, by preparing a gas change means in a gas supply means, and an arc starting 
front stirrup's supplying plasma gas with a small flow rate and/or low gas pressure immediately 
after, and changing to a large flow rate and/or high gas pressure after ignition of a pilot arc or a 
main arc, to about about 600 times, the life of an electrode was boiled markedly and has 
improved by the number of times of arc ignition 

[0020] Moreover, in the 1 st invention, the effect of extension of a fast nozzle life which is stated 
below by composition which adopted the transistor in order to intercept a pilot current in 
addition to the effect of extension of the electrode life mentioned above was also able to be 
acquired. Although the state where a part of arc is still connected between an electrode and a 
nozzle, and the pilot current Ip is flowing to the nozzle after shifting to the main arc between an 
electrode and a work is continuing from the pilot arc, for this reason, the outlet portion of a 
nozzle lips edge is in the situation in which melting is always carried out by the aforementioned 
arc. Therefore, as for the facts and artificers who are a reason with it better [ to shorten time to 
which the pilot current Ip is flowing between the electrode and the nozzle as much as possible, 
after shifting to this main arc, in order to prolong a nozzle life ], the damage of the nozzle by the 
pilot arc has acquired the fact which is proportional at the size and time of the current included 
in a nozzle by the experimental result. Then, in order to intercept the pilot current Ip to a nozzle 
after main arcing Since it changed to the conventional electromagnetic switch and the transistor 
was adopted as the line connected with the nozzle of a pilot-current circuit the electromagnetic 
switch of the former [ interrupting time / of a pilot current Ip ] — comparing — markedly — 
alike — quick (as opposed to about 50 msec(s) of an electromagnetic switch) With the transistor, 
since the time when melting of the outlet portion of a nozzle lips edge is always carried out by 
the aforementioned arc in about 5 msec(s) decreased sharply, the life of a nozzle has improved 
by leaps and bounds compared with the former about 3 times (from about 150 - 200 
conventional times to about 600 times [ Being the number of times of arc ignition. ]). 
[0021] An electrode life — the sudden damage on the electrode by the thermal shock will be 
conventionally damaged in [ a nozzle ] path gap — and each nozzle life are irregular. Although it 
was the ideal which cannot but see a margin and the actual condition cannot but set up the 
lower number of times of a life, it is made to extend as long as an electrode life and a nozzle life 
are made, respectively, and is simultaneously done for the set exchange of these (it considers as 
the same life) The value of each life was enabled to be both able to improve the life of an 
electrode and a nozzle sharply, and to suppose that it is almost the same (being the number of 
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times of arc ignition about about 600 times) by **** 1 invention as mentioned above. Therefore, 
the exchange frequency by the life could be sharply decreased by life improvement of this 
electrode and a nozzle, and the great effect was acquired not to mention the improvement of the 
article-of-consumption cost accompanying exchange by the improvement in a machine operating 
ratio (improvement in productivity), in addition, the technology which enabled extension of the 
above electrode life and nozzle life simultaneously results in this invention on originality and 
creativity paying attention to the viewpoint overlooked conventionally [ whether it was what 
cannot aim at extension of a nozzle life ] at the same time not combination but the nozzle life of 
the mere conventional technology have correlation in an electrode life and prolongs an electrode 
life 

[0022] Next, the 2nd invention is taken as the composition which inserted resistance at the 
aforementioned solid state switch and the serial in the 1st invention at the line connected with 
the nozzle of the aforementioned pilot-current circuit. 

[0023] Although the damage of the nozzle by the pilot arc has acquired the fact which is 
proportional at the size and time of the current included in a nozzle from the experimental result 
and the damage of a nozzle is caused by the current included in a nozzle as this invention 
persons mentioned above By having inserted resistance in the line connected with the nozzle of 
a pilot-current circuit according to **** 2 invention While a pilot current falls and making 
damage on a nozzle mitigate, when main current increases contrary to this with the fall of a pilot 
current with the property of a plasma constant current power supply Generating of a main arc 
and the shift to a main arc can be performed stably and quickly. 

[0024] It is characterized by the aforementioned plasma gas from which the 3rd invention 
supplies an arc starting front stirrup to a plasma torch with a small flow rate and/or low gas 
pressure immediately after in the 1st invention being nitrogen or gas containing comparatively 
many nitrogen. 

[0025] Usually, in plasma cutting, HAFUNYUUMU of the electrode material currently embedded 
immediately after lighting a pilot arc focusing on the electrode is intense, and consumption 
advances. In **** 3 invention, since nitrogen or the gas containing comparatively many nitrogen 
was used as plasma gas supplied around an electrode, the nitride of HAFUNYUUMU will be 
formed in the point of an electrode, and since this HAFUNYUUMU nitride has the high melting 
point, it can lessen consumption of an electrode. Therefore, an electrode wear is suppressed to 
arc during starting, and an electrode life can be extended. 

[0026] In case the 4th invention supplies plasma gas to a plasma torch in the main arc ignition 
control method of a plasma cutting machine, an arc starting front stirrup moreover, in 
immediately after After it supplies plasma gas with a small flow rate and/or low gas pressure and 
a pilot arc or a main arc lights between the electrode of a plasma torch, and a nozzle While 
changing plasma gas to a large flow rate and/or high gas pressure, when generating of the main 
arc between the aforementioned electrode and a work is detected It is considering as the 
method of intercepting the aforementioned pilot current quickly by the solid state switch 
inserted in resistance and the serial at the line connected with the aforementioned nozzle of the 
pilot-current circuit which supplies a pilot current to the aforementioned pilot arc. 
[0027] according to the 4th invention, since extension of a life with large electrode and nozzle 
can be aimed at in a plasma cutting machine like the 1st invention by this main arc ignition 
control method, the exchange frequency of an electrode and a nozzle is boiled markedly, and can 
be reduced, and the great effect of the improvement in a machine operating ratio (improvement 
in productivity) is acquired not to mention reduction of the article-of-consumption cost 
accompanying exchange of an electrode and a nozzle 
[0028] 

[Embodiments of the Invention] Below, the operation form of this invention is explained in detail 
with reference to drawin g 1 , drawin g 2 , and drawin g 3 . It is drawing which drawin g 1 is the 
outline circuit diagram of the main arc ignition equipment concerning this invention, and 
expressed the pilot arc which drawing 2 requires for this invention here. Moreover, drawing 3 is 
the timing diagram of the plasma-gas flow concerning this invention. In addition, the same sign is 
attached to the same composition as the component in drawing 4 , and the following explanation 



http://www4.ipdljpo.gojp/cgi-bin/tran_web_cgi.ejje 



2003/12/03 



4/6 v 



is omitted. 

[0029] In drawin g 1 , the main arc ignition equipment of a plasma cutting machine is equipped 
with the constant current power supply 8 as a plasma power supply for supplying power to a 
torch 1. The minus output of a constant current power supply 8 is connected to electrode 1a of 
a torch 1 via the power supply line 20, and the plus output of a constant current power supply 8 
branches on the two-line line of the pilot-current circuit 21 which supplies a pilot current Ip, and 
the main current circuit 22 which supplies main current Im, and is connected to nozzle 1b and 
the work 11, respectively. 

[0030] The resistance 12 for making the aforementioned pilot-current circuit 21 shift to the main 
arc 1 3 formed between electrode 1 a and a work 1 1 smoothly from the pilot arc 1 6 (to refer to 
drawin g 2 ) formed between electrode 1a and nozzle 1b, It connects in series and the pilot- 
current detector 5 which detects the pilot current Ip which flows between the transistor 10 for 
switching which is the feature of this invention, and electrode 1a and nozzle 1b is formed. The 
control-command signal from the controller which is not illustrated is connected to the base of a 
transistor 10. Here, in the experiment which artificers conducted, since it was in the inclination 
which the inrush current to a nozzle increases extremely as the resistance of the above- 
mentioned resistance 12 is less than 2ohms when it was the cutting machine of the specification 
whose rated pilot-arc current is about 20A, the resistance was understood that 2ohms or more 
are desirable. In addition, according to the experimental result, 4-8ohm of resistance are 
desirable. Moreover, what operates at high speed like IGBT as a switching element is used for a 
transistor 10. In addition, you may add the circuit for surge absorption (not shown) which 
consists of diodes for absorbing the surge at the time of switching etc. to the pilot-current 
circuit 21 if needed. 

[0031] Moreover, since the main arc 13 shown in drawin g 1 by guidance of the pilot arc 16 shown 
in drawin g 2 is formed, the main current detector 6 for detecting that main current Im flowed 
between electrode 1a and the work 1 1 is inserted in the aforementioned main current circuit 22. 
If the current transformer which used shunt resistance and the hall device is used for this main 
current detector 6, for example, an about 3A small current flows to the main current circuit 22, 
the transistor 10 of the pilot-current circuit 21 will be turned off immediately, and it will consider 
as the composition which makes the pilot current Ip which is flowing between electrode 1a and 
nozzle 1b intercept in an instant. 

[0032] In order to improve a nozzle life, once it not only lowers the value of the inrush current to 
nozzle 1b, but it sets up the disregard level of the lowest possible main current Im and this 
setting disregard level detects main current Im, since intercepting the pilot-current circuit 21 
immediately can lessen damage on a nozzle, it is desirable. Therefore, after detection, the level 
of main current detection is set up as low as possible, and the pilot arc should be intercepted 
immediately, and by this invention, in order to accelerate the timing of this interception, 
electronic-formula switches (solid state switch), such as a transistor and IGBT, are used, by this, 
the timing of interception checked that that in which about 50 msecs were behind according to 
the opening and closing of the conventional mechanical contact improved to about 5 msecs, and 
it checked that also boiled the life of nozzle 1b markedly and it was protracted with the life of 
electrode 1a in connection with this 

[0033] In the main arc ignition equipment of this invention, moreover, for the improvement in a 
life of electrode 1a as a gas supply means 2 to supply plasma gas to a torch 1 Gas stop valve 3a 
for a start which performs supply or interception of the gas for a start as shown in drawin g 1 , 
The gas pipe way 4 which connects to a torch 1 gas change meanses 3 by which gas stop valve 
3b for cutting which performs supply or interception of the gas for cutting was provided, and 
such gas stop valve 3a for a start and gas stop valve 3b for cutting is formed. 
[0034] First, arc starting opens only gas stop valve 3a for a start from a pulley flow, and supplies 
the change to gas stop valve 3a for these starts, and gas stop valve 3b for cutting to the gas 
supply way which formed the gas for a start between electrode 1 a in a torch 1 , and nozzle 1 b 
through the gas pipe way 4. About the gas for the start at this time (pulley flow), as shown in 
djrawijng „3 , as compared with the gas at the time of cutting, it is low gas pressure and/or a low 
flow rate, and is considering as the gas containing many pure nitrogen or nitrogen. Next, if a pilot 
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arc 16 occurs between electrode 1a and nozzle 1b, the pilot-current detector 5 will detect the 
pilot current Ip which flows between electrode 1a and nozzle 1b through this pilot arc 16, this 
detecting signal will open gas stop valve 3b for cutting, and the gas for cutting will be supplied to 
a plasma torch 1 . This gas for cutting is high gas pressure and/or a large flow rate as compared 
with the aforementioned gas for a start (pulley flow), as shown in drawin g 3 , and it is gas 
containing many pure oxygen or oxygen. In addition, while opening gas stop valve 3b for cutting, 
gas stop valve 3a for a start could be closed, and as long as it was putting in the check valve in 
series with gas stop valve 3a for a start, it may open. 

[0035] According to this operation form, the following operations and an effect are acquired. 
(1) By composition of this invention, since the plasma gas passed in the meantime was made into 
a small flow rate and/or low gas pressure when forming a pilot arc between an electrode and a 
nozzle, the force which blows a pilot arc on a work side becomes small, consequently the pilot 
current Ip which flows for a nozzle becomes easy to flow, and it becomes possible also for a 
small current to form [ of a pilot arc ] this pilot current Ip. And since the pilot current Ip which 
flows between an electrode and a nozzle to a pilot-arc generate time can be managed with a 
small current, the damage of the electrode by the aforementioned thermal shock can be sharply 
reduced at the time of arc ignition. 

[0036] Next, according to this invention, in the main arc ignition equipment of a plasma cutting 
machine, since a large flow rate and/or the plasma gas of high gas pressure are passed between 
an electrode and a nozzle at the time of cutting, the force which blows a pilot arc on a work side 
becomes large, and a pilot current Ip stops easily being able to flow due to the composition 
which prepared the gas change means in the gas supply means between an electrode and a 
nozzle. And since the current of a constant current power supply is shunted toward a pilot 
current Ip and main current Im, if a pilot current Ip decreases as mentioned above, main current 
Im will increase relatively. Consequently, generating of the main arc between an electrode and a 
work and the shift to a main arc from a pilot arc are performed very promptly. Thus, by preparing 
a gas change means in a gas supply means, and an arc starting front stirrup's supplying gas to 
immediately after with a small flow rate and/or low gas pressure, and changing a pilot-arc 
ignition rear stirrup to a large flow rate and/or high gas pressure after main arc ignition, the life 
of an electrode is the number of times of arc ignition, and it was secured about about 600 times. 
[0037] (2) Moreover, in this invention, in order to intercept a pilot current Ip, solid state 
switches, such as a transistor, were adopted, an electromagnetic switch [ like before by this ] 
whose interrupting time of a pilot current Ip is — comparing — markedly — alike — quick (as 
opposed to about 50 msec(s) of an electromagnetic switch) Since the time when melting of the 
outlet portion of a nozzle lips edge is always carried out by the aforementioned plasma arc in 
about 5 msec(s) decreases sharply with a transistor, the life of a nozzle Compared with the 
former, it has been improved by leaps and bounds with about 3 times (from about 1 50 - 200 
times conventional by the number of times of arc ignition to about 600 times). 
[0038] (3) Moreover, resistance is inserted in the pilot-current circuit connected to a nozzle, by 
setting this resistance to 2ohms or more, the pilot current Ip to a nozzle falls and the injury on a 
nozzle can be mitigated. Moreover, when main current Im increases with the fall of a pilot current 
Ip with this by the above-mentioned reason, it can be stabilized, generating of a main arc and the 
shift to a main arc can be performed quickly, and a nozzle life and an electrode life can be 
prolonged sharply. Furthermore, since the potential difference between a nozzle and a work 
becomes large by having enlarged the above-mentioned resistance, the shift to a main arc can 
be performed easily. 

[0039] (4) In plasma cutting, although exhaustion will advance violently, since the gas which 
contains many nitrogen or nitrogen as plasma gas of the electrode circumference was used for 
HAFUNYUUMU of the electrode material currently embedded immediately after lighting a pilot 
arc at an electrode focusing on the electrode by this invention, the nitride of HAFUNYUUMU will 
be formed in the point of an electrode, and since this HAFUNYUUMU nitride has the high melting 
point, it can lessen an electrode wear. Therefore, the electrode wear was suppressed to arc 
during starting, and the effect which prolongs an electrode life was acquired. In addition, the 
increase in the nozzle damage by the fall of the main arc translatability by using nitrogen for arc 
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during starting is eliminated by having used the solid state switch. 

[0040] (5) The length of each life was enabled to be both able to improve the life of an electrode 
and a nozzle sharply, and to suppose that it is almost the same (being the number of times of 
arc ignition about about 600 times) by composition of the above this inventions. Therefore, by 
life improvement of this electrode and a nozzle, the electrode in a long interval and set exchange 
of a nozzle are enabled, the exchange frequency can be decreased sharply, and a great effect is 
acquired by the improvement in a machine operating ratio (rise of productivity) not to mention 
the improvement of the article-of-consumption cost accompanying exchange of an electrode 
and a nozzle. 



[Translation done.] 



http://www4.ipdl jpo.gojp/cgi-bin/tran_web_cgLejje 



2003/12/03 



1/2 s<— v 

> - 

* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

TECHNICAL PROBLEM 

[Problem(s) to be Solved by the Invention] The technology only about the life extension of an 
electrode existed so that JP,5-104251,A shown as the 1st advanced technology of the above, 
JP,3-258464,A shown as 2nd advanced technology might see conventionally. However, if it is 
made a small flow rate or low voltage gas about the plasma-gas change of these conventional 
technology at during starting, it has turned out that the fault to which the translatability from a 
pilot arc to a main arc becomes bad, and the damage of a nozzle becomes large rather occurs 
recently. Moreover, by the gas containing many nitrogen or nitrogen, the translatability to a main 
arc became worse than oxygen, and a damage understands it also as a bird clapper greatly for a 
nozzle. That is, although a gas change contributes to improvement in an electrode life greatly, 
about a nozzle life, an improvement was not found or even the opposite effect understands a 
bird clapper for it. Therefore, even if the electrode life became long, the nozzle reached the life 
before it and the exchange interval of these articles of consumption did not become so long that 
it expects, even if it compares, it adopts this technology and an electrode life is improved (the 
number of times of arc ignition — carrying out — about 200 times to about 600 times), about 
the life of a nozzle, it is made the number of times of arc ignition, and is about at most 1 50 - 200 
times, and the actual condition is not improved 

[0010] It can divide roughly into following two as a factor of the damage of a nozzle. That is, by 
the time a nozzle shifts to a main arc so to speak from the case by the external factor which 
receives a damage, and a pilot arc because the molten metal (spatter) where it blows up toward 
a nozzle at the time of a piercing process (perforation process) adheres to a nozzle, current will 
flow into a nozzle by the pilot arc, and it is divided into the damage by melting of the outlet 
portion of a nozzle being carried out. As a remedy of the factor which has a bad influence on the 
life of these nozzles, conventionally, about the former external damage, there is the method of 
protecting a nozzle from a spatter by preparing a shield cap in the outside of a nozzle, and it is 
adopted by most present plasma torches. However, about the damage by the pilot arc of the 
aforementioned latter, the indication with the method clear with the conventional technology of 
mitigating it is not yet found. In short, the electrode life and the nozzle life were made to extend 
simultaneously, and the technology of bringing about practically sufficient effect did not exist 
conventionally. 

[001 1] Usually, the injury is gradually expanded by melting of near the outlet of a nozzle being 
carried out by an electrode until it shifts to a main arc from a pilot arc, and the frequent pilot arc 
between nozzles, the sharpness of an arc becomes bad, and the life of a nozzle is judged in the 
stage in which the cutting process tolerance was less than predetermined default value to be a 
life, unless the electrode has resulted in the life. 

[0012] On the other hand, a nozzle life is influenced by this electrode life although it is known 
that the temperature on arc during starting and the front face of an electrode will exhaust an 
electrode momentarily in the form where go up to the elevated temperature of about 3000 
degreeC, and this electrode front face exfoliates by the thermal shock at this time. For example, 
when it results in a life with an electrode, injury destruction is rapidly carried out by the above- 
mentioned reason, at this time, the arc between an electrode and a work will stop in the nozzle 
under cutting process, a work will be replaced with this, a nozzle and an inter-electrode arc will 
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generate it, and it will melt near the outlet of a nozzle in an instant as an arc melts a work (by 
the same principle). Thus, when the so-called injury on a path gap-nozzle occurs by this, and it 
has sharpness still sufficient as a nozzle just before it, when the injury on momentary of an 
electrode occurs, and having not resulted in the life, the actual condition will be in the state in 
which continuation use is impossible in an instant. Since it stated above, however it may take the 
prolongation-of-life measure of only a nozzle life conventionally, it concentrates on development 
of the life-extension technology of only an electrode, and it can say from the actual condition 
that a nozzle life is decided by the electrode life that an idea that it takes into consideration in 
the viewpoint to which nozzle life-extension technology and electrode life-extension technology 
were related had not attained to. 

[0013] Moreover, the point that of course the numerousness of the exchange frequency by the 
life has had great influence also on the machine operating ratio fall (productivity fall) about the 
electrode and the nozzle at the cost [ exhausting ] accompanying exchange of an electrode and 
a nozzle is also a problem. Although it was the ideal which it is made to extend as long as the life 
of an electrode and a nozzle is made, respectively, and is simultaneously done for the set 
exchange of these (it considers as the same life) in order to solve this problem, an electrode life 
and each nozzle life of reality were irregular, and since a nozzle life was influenced as mentioned 
above by the sudden injury on an electrode, a margin must be seen and the actual condition 
could not but set up the lower number of times of a life. 

[0014] Moreover, adoption of the transistor to arc ignition technology given in JP,6-15457,A is 
not what meant extension of a nozzle life as mentioned above. And it is used only as a switch as 
a chopper element which adjusts a pilot current, and the constant-current-control circuit for 
controlling the aforementioned transistor is needed apart from the constant-current-control 
circuit of a main arc current, and the transistor inserted in the pilot line becomes complicated 
[ the power supply ], and serves as cost quantity. 

[0015] this invention is made paying attention to the above-mentioned trouble, and aims at 
offering the main arc ignition equipment and the main arc ignition control method both the lives 
and nozzle lives of a plasma electrode are extensible in a plasma cutting machine. 

[Translation done.] 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[ Drawin g 1] It is the outline circuit diagram of the main arc ignition equipment concerning this 
invention. 

[ Drawin g 2] It is drawing showing the pilot arc concerning this invention. 

[ Drawin g 3] It is the timing diagram of the plasma-gas flow concerning this invention. 

[ Drawin g 4] They are the general composition of the plasma cutting machine of the conventional 

technology, and explanatory drawing of the plasma-arc starting method. 

[ Drawin g 5] It is the timing diagram of the operating sequence showing the arc starting control 
method of the conventional technology. 
[Description of Notations] 

1 [ — A nozzle, 2 / — A gas supply means, 3 / — Gas change means, ] — A torch, 1a — An 
electrode, 1b 3a [ — Gas pipe way, ] — The gas stop valve for a start, 3b — The gas stop valve 
for cutting, 4 5 [ — Constant current power supply (plasma power supply), ] — A pilot-current 
detector, 6 — A main current detector, 8 9 [ — Work, ] — A high frequency generator, 10 — A 
transistor (solid state switch), 11 1 2 [ — A switch (electromagnetic switch), 15/ — A stop 
valve, 16 / — A pilot arc, 20 / — A power supply line, 21 / — A pilot-current circuit, 22 / — A 
main current circuit, Ip / — A pilot current, Im / — Main current. ] — Resistance, 13 — A main 
arc, 14 

[Translation done.] 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web^cgi.ejue 



2003/12/03 



1/3 s<— V 



* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 




1: h-f- 

1a:QE& 

1b: JX)V 

2: 1}X$m^%L 

3: jU?® 

10:*^tt*-r** 
11 ;«7-^ 
12:*S* 
13: 

22 : > -r >&&m& 

[ Drawin g 1] 




/////// 



[ Drawin g 2] 
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[ Drawin g 3] 




[ Drawin g 4] 
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[Translation done.] 
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